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Abstract 
Grassed swale has become a common feature for stormwater quality control by removing pollutants and reducing 
peak flows. In this study, three common transmission grassed swales located at different places in China were 
compared during two high intensity storm events to understand variation of four different kinds of pollutants (TSS, 
NH4
+-N, NO3
--N and COD) in grassed swale and to verify the accuracy of BMPs statistical data. TSS has shown 
great removal rate by grassed swale with a 92% concentration reduction. The decrease of NH4
+-N concentration 
remained stable due to the fact that the main mechanism for NH4
+-N removal is the adsorption of surface soil 
particles and plant roots. Different from NH4
+-N, NO3
--N could be re-released into water and its removal rate is 
deeply related to seasonal pattern. In addition, COD in dissolved pattern was removed deeply and its removal rate 
ranged from 86.35% to 51.72%. In summary, the present study indicates that the grassed swale is an effective 
stormwater treatment and the design of grassed swale should be based on the local hydrological conditions and the 
types of pollutants of stormwater in different countries or areas. 
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1. Introduction 
Low impact development (LID) technologies, the cost-effective stormwater control measures, have been widely 
applied in Europe and America to reduce the effects of non-point sources pollution [1]. Meanwhile, some advanced 
LID technologies such as grassed swales, bio-retention facilities and green roofs have been imported to China to 
remove pollutants in runoff. 
As one of the effective LID technologies, grassed swale with grassed-lined and flat-bottomed channel designs has 
been employed for treating stormwater runoff to improve stormwater quality for many years [2], and this measure is 
also used to decrease runoff velocity and reduce the runoff peak flows [3]. Pollutants such as total suspended soils 
(TSS), total nitrogen (TN) and total phosphorus (TP) can be removed in swales through infiltration, chemisorption, 
sedimentation and filtration by soil particles and grassed blades [4]. The performance and operation conditions of 
grassed swales have been collected and accurately analyzed intensely in advanced countries. However, few studies 
were carried out to systematically evaluate the application of grassed swales for urban stormwater runoff control in 
developing countries, especially in China.  
Based on the experimental results and Best Management Practice (BMPs) data in previous studies [5], TSS 
removal by grassed swale is a physical process and sedimentation plays a primary role [6]. Particularly, Deletic and 
Fletcher [7] analyzed the exponential decay of TSS concentration in grassed swale and found that TSS removal rate 
increased with the increasing of hydraulic residence time. The reaction can be prolonged by decreasing the 
longitudinal slope and increasing the length of swale [4a]. Previous studies showed a great fluctuation of heavy 
metals removal by grassed swales. Lead is one of the most concerning heavy metals in stormwater runoff and shows 
the greatest removal by grassed swales, with event mean concentration (EMC) reductions of 18 – 94 % [8]. Zinc, 
similarly, is one of the most prevalent heavy metals in stormwater runoff, with EMC reductions of 75 – 91% [9]. 
Copper, a kind of common but very important metal in urban runoff, is removed with EMC reductions of 14 – 81% 
[8, 10]. However, nutrients, such as nitrogen compounds (NH4
+-N, NO3
--N) and phosphorus are different from the 
other pollutants. Grassed swales have shown wide variability in removing nutrients, especially for nitrogen [11]. A 
typical study of grassed swale in Florida have shown that ammonia-nitrogen (NH4
+-N) could be effectively removed 
by grassed swale, conversely, nitrate-nitrogen (NO3
--N) is largely suspended in water with rather low removal rate 
[8]. In addition, previous study also proved the fact that chemical oxygen demand (COD) could be well removed by 
grassed swales [12]. 
Therefore, the main objectives of the present study are: (i) to evaluate the removal capability of three typical 
grassed swale systems for stormwater runoff pollutants including TSS, NH4
+-N, NO3
--N and COD. These pollutants 
were chosen due to their prevalence in stormwater runoff in China, complicated variability in urban water 
environment and significance in eutrophication [13]. (ii) to investigate the distribution of these common pollutants in 
swales and to analyze the correlation between the removal rate and parameters such as influent concentration and 
mean water depth, etc. (iii) to make comparison between the twelve years grassed swale operating data of BMPs and 
the performance data of three systems to verify their similarities and differences. 
2. Experimental 
2.1. Study sites 
The study sites are Oriental Sunshine Residential Area (35e04Ą-36e02ĄN, 118e35Ą-119e39ĄE) and 
Technological Innovation 17 Street (39e47ĄN, 116e34Ą) that located at Shun Yi District and Da Xing District 
of Beijing, China, respectively. For the three grassed swales, one is located at Oriental Sunshine Residential Area 
(grassed swale I, Fig. 1), the other two are located at Technological Innovation 17 Street (grassed swale II and III, 
Fig. 1). 
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Fig. 1 The monitoring location in this study 
 
Oriental Sunshine Residential Area, total area of 234 hectares, with 80% green space and 5% water area, is a 
typical ecological residential area. The annual rainfall is between 600 – 650 mm. Besides, there is no storm drainage 
system in Oriental Sunshine Residential Area. The stormwater runoff is purified by inartificial swales and 
discharged into an artificial lake called Ming Lake. Grassed swale I, with a filter strip, received stormwater runoff 
laterally from pavement areas, is located at the northeast of Oriental Sunshine Residential Area. 
Grassed swale II and grassed swale III are located at Technological Innovation 17 Street. The street is 1.7 km long 
and 34 m wide. Many advanced LID technologies such as cross-section optimization, bio-retention facilities and 
grassed swale, etc. have been carried out in this area. The annual runoff pollutants are removed to more than 75%, 
and the annual total runoff removed to 85%. Both swales have identical cross-sections, with 1.5 m bottom width, 
0.005% longitudinal slope and 2% transverse slope. 
2.2.  Rainfall pattern and swale information 
In order to analyze the capacity of grassed swale for stormwater runoff pollution control, two storm events with 
high intensity were selected. Characteristics of rainfall events are presented in Table 1. In addition, the basic 
parameters of three grassed swales are presented in Table 2.  
 
Table 1 Characteristics of the storm event 
Storm Event  
Drying period 
(d) 
Rainfall 
depth  
˄mm˅ 
Rainfall 
duration
˄min˅ 
Rainfall pattern 
(12 hours) 
4/9/2013 5 48 330 Storm 
1/7/2013 7 31 230 Storm 
 
    Table 2 Range of basic parameters of grassed swales investigated 
Grassed swale 
Longitudinal slope 
(%) 
Transverse 
slope (%) 
Bottom (m) Grass height (mm) 
grassed swale I 0.005 2 1.5 60-120 
grassed swale II 0.005 2 1.65 55-110 
grassed swale III 0.005 2 1.65 60-110 
 
2.3. Sample collection 
The portion of three swales for the study was measured 30 m in length and divided into four equal sections (Fig. 
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2). From the road surface to the influent sampling point was section one. From the influent sampling point to the 
discharge point, it served as the control sections for the study to treat runoff from the existing road or pavement. As 
shown in Fig. 2, the four monitoring point was horizontally distributed along the road (i.e., 0 m, 10 m, 20 m and 30 
m sampling point)  
 
Fig. 2 Sampling locations of the grassed swale 
 
Water samples were collected along the flow direction until the flow was stable in the grassed swales, and the 
sampling at the different places (0, 10, 20 and 30 m) was simultaneously. All the samples were put in brown glass 
bottles and then taken to the laboratory and kept in 4 ϨC iceboxes. Water depth at these four sections was 
determined. Additionally, the effect of water depth on the performance of grassed swales for stormwater runoff 
pollution control was accurately analyzed.  
2.4. Analytical method 
All water samples were analyzed within 24 hours. TSS contents were measured by using 45 micron filter paper as 
per standard method 2540-D. COD contents of storm water samples were determined by dichromate open reﬂux 
method as per standard method 5220-B (standard methods for examination of water and wastewater 21st edition 
2005) [14]. NO3
--N contents were measured using a UV-2450 spectrophotometer (SHIMADZU) [15]. NH4
+-N 
contents were determined according to the standard methods [16]. Additionally, all the data were analyzed by 
Origin8.5. Correlation analysis was analyzed by SPSS 19.0. 
In this study, the storm event at 4/9/2013 (Table 1) was selected to analyze the removal of each pollutants including 
TSS, NH4
+-N, NO3
-N and COD by three grassed swales. In order to make the analytical data more accurately and 
scientifically, the results of these two storm events were comparative analyzed with BMPs data. 
3. Results and discussion 
3.1. Statistical analysis of BMPs data  
All of the statistical data were selected from BMPs Database within 7 states, 12 cities of America and 177 storm 
events (Table 3).  The performance of grassed swale to remove nutrient, TSS and heavy metals, etc. has been 
analyzed in detail.  
 
Table 3 Characteristics of grassed swales of BMP database  
Number Grassed swale City 
Rainfall 
event 
Constituent Time 
Swale 
length 
(m) 
catchment 
area  
(ha) 
Impervious 
area  
(%) 
1 AVPD swales 
Austin 
19 B, N, S 1999 / 1.619 62 
2 Brodie Lane Swale 10 B 2010 / 0.20 75 
3 East Swale 
Portland 
6 S, B, M, N 2001 36.5 1.21 50 
4 West Swale 6 S, B, M, N 2001 36.5 1.21 50 
5 Russell Swale 4 B 2005 64 22.6 / 
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6 WPCL east 10 M, S 2005 / 20.2 / 
7 WPCL west 10 M, N, S 2005 / / / 
8 Cerritos 
Cerritos 
8 S, B, M, N 2002 39.9 0.16 95 
9 605/91 swale 4 B, M, N 2002 / 0.2 100 
10 5/605 swale Downey 8 S, B, M, N 2002 / 0.28 95 
11 Del Amo Lakewood 6 B, M, S 2002 / 0.28 95 
12 Melrose Vesta 5 S, B, M, N 2002 / 0.97 90 
13 Palomar Swale Carlsbad 9 M, N, S 2002 161.5 1.86 90 
14 Dayton Swale Seattle 9 M, N, S 1999 / 7.28 100 
15 Vegetated Swale Durham 14 M, N, S 2006 85.3 2 10 
16 Ncdot_swale_a Benson 23 M, S 2011 / 0.53 100 
17 Ncdot_swale_d Faison 18 M, S 2011 / 0.53 98 
18 Parking Lot Tampa 8 S 2007 39.6 0.10 90 
B represents for bacterium; S represents for TSS; N represents for nutrient; M represents for heavy metal 
 
The performance of grassed swale for stormwater runoff pollution control was characterized by the removal rate 
of influent pollutant concentration. However, the capacity of grassed swale for removing pollutants was also 
influenced by the rainfall, catchment area, duration of rainfall and mean water depth, etc. Therefore, based on those 
factors, the influencing factors of grassed swale for removing runoff pollutants were analyzed using Pearson 
correlation by SPSS. All of the data and analytical results were summarized in Table 4 and Table 5. 
 
Table 4 Operating data of grassed swale 
Constituent 
Influent concentration Effluent concentration 
Median of 
removal rate 
N 
Median 
Standard 
deviation 
Min Max Median 
Standard 
deviation 
Min Max 
TSS  
(mg L-1) 
52 4 2 370 39 3 2 250 13% 155 
TKN  
(mg L-1) 
1.63 1.16 0.11 6.94 1.40 1.07 0.08 6.15 23.4% 103 
NO3--N  
(mg L-1) 
0.72 0.90 0.5 5.49 0.99 0.06 0.11 3.17 -8.0% 103 
TN  
(mg L-1) 
2.00 1.07 0.37 4.8 1.90 0.95 0.37 6.2 12.9% 59 
NH4+-N 
 (mg L-1) 
0.39 0.35 0.3 1.98 0.13 0.12 0.2 0.49 67.4% 45 
TP (mg L-1) 0.22 0.21 0.02 1.4 0.34 0.30 0.01 1.9 -72% 141 
COD  
(mg L-1) 
13.98 10.55 0.1 51 14.92 7.7 4.6 44 13.7% 38 
Bacterium 
(A/100 mL-1) 
72175 218762 4 2*105 46365 154212 17 110000 18.2% 55 
As (­g L-1) 3.07 2.71 0.6 10.1 2.34 2.00 0.5 7.4 21.9% 31 
Cd (­g L-1) 0.72 0.46 0.28 2.3 0.31 0.22 0.13 1.4 51.0% 56 
Cu (­g L-1) 34.4 29.9 2.5 232 17.1 10.6 1.5 73 39.5% 79 
Pb (­g L-1) 75.0 237.2 2.5 2086 20.3 26.6 1.9 189 52.4% 79 
Ni (­g L-1) 8.17 5.16 2.5 20 5.05 4.87 1.8 23 42.9% 24 
Zn (­g L-1) 174.1 128.6 15 542 61.6 43.3 1.59 284.0 54.9% 93 
N: sample number 
 
Table 5 Correlation analysis of the influencing factors of grassed swale for pollutant removal 
Constituent 
Influent concentration  Rainfall  duration  Total rainfall 
correlations Sig N correlations Sig N correlations Sig N 
TSS 0.732** 0.000 155 0.051 0.671 71 0.09 -0.048 150 
TKN 0.410** 0.000 103 -0.344** 0.007 60 -0.238* 0.017 101 
NO3--N -0.011 0.931 61 0.123 0.349 61 0.127 0.334 61 
TN 0.633** 0.000 59 / / / 0.013 0.923 58 
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** Correlation is significant at the 0.01 level (2-tailed)  
* Correlation is significant at the 0.05 level (2-tailed) 
N: sample number  
 
The results indicated that total kjeldahl nitrogen (TKN) from stormwater runoff was largely removed by all 
grassed swale, and the reason may be due to the composition of TKN. TKN is composed of dissolved and 
particulate organic nitrogen with a small portion of dissolved NH4
+-N, and NH4
+-N with positive charge could be 
fully adsorbed by soil particles with negative charge [17]. In addition, some particulate organic nitrogen could be 
precipitated with TSS in grassed swales. Therefore, the removal mechanisms of TKN mainly include infiltration, 
filtration, microbial action, sedimentation and nitrification, etc. The variability in removal rate of TKN may be due 
to the flux of organic particulate. 
The removal of heavy metals by grassed swale is mainly due to chemisorption, sedimentation, and filtration [18]. 
Grassed swales show great removal for transition metals such as Cd, Zn, Cu and Pb, with removal rate following the 
order: Zn > Cu > Pb > Cd [9]. In addition, the removal of transition metals by grassed swale is strongly correlated to 
TSS removal and influent pollutant concentration [19]. As a kind of transition metal, Ni always exists in dissolved 
portion in stormwater runoff and its influent concentration ranged from 2.5 to 20 μg L-1. There is no apparent 
correlation between the removal rate of Ni and its influent concentration. As, existing in a negative ion form in 
water, is often removed through chemisorption by some mineral ions such as Fe and Al [19]. Similar with Ni, Zn 
exists in a great dissolved portion in runoff also shows the greatest removal by grassed swale among all the heavy 
metals investigated (Table 4). This might due to the high influent concentration of Zn and its cationic characteristic. 
Furthermore, the removal rate of Zn by swales is much larger than other heavy metals as described in Table 4. The 
influent concentration of Pb reduced by grassed swales is due to the bound of Pb to organic matter and particulate in 
stormwater runoff. Cu is common in dissolved and particulate phases in runoff, and also shows the great removal by 
grassed swale. 
Both soil particle and bacteria in grassed swale are usually with negative charge. Different from heavy metals with 
positive charge, bacteria could not be well adsorbed by soil particle. Therefore, the removal of bacteria by grassed 
swale is not obvious. 
3.2. Removal of four kinds of pollutants by three grassed swales 
The monitoring data of the three grassed swales were compared with BMPs statistical data to verify the validity and 
accuracy of the results. For storm event at 4/9/2013, the removal of four kinds of pollutants including TSS, NH4
+-N, 
NO3
-N and COD were analyzed. It would take 3 min the water to cross the three 30 meters grassed swales. In 
addition, the concentration variation of four pollutants in two grassed swales was presented on Fig.3 and Fig.4. The 
variation of pollutants in grassed swale III was not shown in the figure as the trend was similar to grassed swale II. 
All the concentration of TSS, NH4
+-N, NO3
-N and COD changed with the length of the swales. 
 
NH4+-N 0.635* 0.017 45 / / / -0.029 0.849 45 
TP 0.252** 0.003 141 -0.241 0.064 60 -0.156 0.07 136 
COD 0.644* 0.015 43 -0.315 0.143 23 0.075 0.640 41 
Bacterium 0.064 0.645 55 0.002 0.989 34 0.247 0.075 53 
As 0.164 0.379 31 0.059 0.752 31 -0.214 0.249 31 
Cd 0.399** 0.02 56 -0.078 0.566 56 -0.079 0.561 56 
Cu 0.393** 0.000 77 -0.035 0.771 70 -0.062 0.590 77 
Pb 0.284* 0.013 75 0.024 0.845 69 0.009 0.939 75 
Ni 0.294 0.195 24 -0.139 0.547 24 0.116 0.616 24 
Zn 0.318** 0.002 89 0.136 0.263 70 0.120 0.268 87 
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Fig. 3 Variation of four kinds of pollutants in grassed swale I 
 
 
Fig. 4 Variation of four kinds of pollutants in grassed swale II 
3.2.1 TSS 
TSS is mainly removed by grassed swale through interception, adsorption, sedimentation and filtration processes. 
The analytical results are summarized in Table 6 and Table 7. It is apparent that TSS concentration decrease rapidly 
in the first interval (prior to the sampling point at 10 m showed in Fig.3 and 4), and the typical data showed in Fig. 3 
demonstrated that the TSS concentration would decrease further if given a longer swale length. With influent 
concentration ranging from 499 to 629 mg L-1, TSS removal rate ranges from 92.12% to 99.25% for all the three 
swales (Table 6). All of the three grassed swales show effective removal in TSS. Moreover, the results denominated 
that there is no obvious correlation between removal rate of TSS and mean water depth. TSS influent concentration 
shows significant correlation with its removal rate. The removal of TSS is related to its settling velocity in all three 
grassed swales. In addition, the concentration of TSS changes with the length of the swales. 
 
Table 6 The monitoring data of TSS 
Time 
Influent concentration 
(mg L-1) 
Concentration removal 
(%) 
Mean water depth 
(cm) 
grassed swale 
I 
grassed 
swale II 
grassed 
swale III 
grassed swale 
I 
grassed 
swale II 
grassed 
swale III 
grassed swale 
I 
grassed 
swale II 
grassed 
swale 
III 
905 Haiyan Li et al. /  Procedia Engineering  154 ( 2016 )  898 – 910 
0min 499 568 629 98.40 97.53 99.25 3.5 5.5 4.1 
5min 268 336 495 92.91 94.77 96.60 4.5 4.7 4.6 
10 min 293 202 430 94.88 93.45 94.72 7.5 5.6 7.8 
20 min 136 98 217 93.06 93.23 94.97 8 5.4 7.2 
35 min 47 63 116 92.62 91.59 94.65 9.7 6.1 7.8 
65 min 41 55 62 92.12 92.26 93.21 7.3 6.5 7.3 
In this table: ‘time’ represents the sampling time after storm; ‘influent concentration’ represents the concentration at 
influent point; ‘concentration removal’ is the ratio of influent concentration and the difference of influent & effluent 
concentration. 
 
Table 7 Correlation analysis between removal rate of TSS and the influent concentration and mean water depth 
 grassed swale I grassed swale II grassed swale III 
Correlation Sig N Correlation Sig N Correlation Sig N 
removal rate and 
influent 
concentration of 
TSS 
0.917** 0.010 6 0.979** 0.001 6 0.874* 0.023 6 
removal rate of 
TSS and mean 
water depth 
-0.642 0.169 6 -0.552 0.256 6 -0.807 0.052 6 
**Correlation is significant at the 0.01 level (2-tailed)  
*Correlation is significant at the 0.05 level (2-tailed)In this table: ‘influent concentration’ represents the 
concentration at influent point; ‘concentration removal’ is the ratio of influent concentration and the difference of 
influent & effluent concentration. 
3.2.2 NH4+-N 
NH4
+ with positive charge could be effectively adsorbed by soil particles in grassed swales. As shown in Table 8, 
the decrease of NH4
+-N concentration is stable within the whole rainfall duration. The stable removal trend was also 
demonstrated in Fig.3 and Fig.4. The removal rate of NH4
+-N decreases with the decrease of influent concentration. 
However, a slight variation was observed at 65 min in grassed swale I. The removal rate of NH4
+-N at 65 min was 
higher than 35 min. This may be due to the fact that the infiltration occurs over time and NH4
+ was fully adsorbed by 
surface soil particles and plant roots. Furthermore, the results of previous study indicated that different plants have 
different adsorption capability [20]. As shown in Table 9, NH4
+-N influent concentration shows the most significant 
correlation with its removal rate. However, there is no correlation between the removal rate of NH4
+-N and mean 
water depth.  
 
Table 8 The monitoring data of NH4
+-N 
Time  
Influent concentration 
(mg L-1) 
Concentration removal 
(%) 
Mean water depth 
˄cm˅ 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
0min 4.54 5.61 4.76 34.99 37.71 41.25 3.5 5.5 4.1 
5min 4.36 4.60 4.33 29.91 34.18 40.60 4.5 4.7 4.6 
10 min 4.22 4.37 3.79 24.01 31.57 36.18 7.5 5.6 7.8 
20 min 4.27 3.20 3.45 12.18 26.15 32.36 8 5.4 7.2 
35 min 3.77 3.16 3.18 22.27 21.88 30.34 9.7 6.1 7.8 
65 min 3.77 2.97 3.16 34.43 12.59 17.52 7.3 6.5 7.3 
In this table: ‘time’ represents the sampling time after storm; ‘influent concentration’ represents the concentration at 
influent point; ‘concentration removal’ is the ratio of influent concentration and the difference of influent & effluent 
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concentration. 
 
Table 9 Correlation analysis between removal rate of NH4
+-N and the influent concentration, mean water depth 
 grassed swale I grassed swale II grassed swale III 
Correlation Sig N Correlation Sig N Correlation Sig N 
removal rate and 
influent 
concentration of 
NH4+-N 
0.898* 0.015 6 0.896* 0.016 6 0.832* 0.040 6 
removal rate of 
NH4+-N and 
mean water 
depth 
-0.630 0.180 6 -0.809 0.051 6 -0.636 0.174 6 
**Correlation is significant at the 0.01 level (2-tailed)  
*Correlation is significant at the 0.05 level (2-tailed) 
In this table: ‘influent concentration’ represents the concentration at influent point; ‘concentration removal’ is the 
ratio of influent concentration and the difference of influent & effluent concentration. 
3.2.3 NO3--N 
The removal of NO3
--N by grassed swale shows great fluctuation within all of the three swales (Table 10). While 
NO3
--N is significantly re-released into water due to its releasing characteristic. At 65 min, the removal rates of NO3
-
-N are negative values (i.e., -117.99% and -39.19% for grassed swale I and II, respectively). It suggests that NO3
--N 
re-released into the runoff. The re-releasing phenomenon of NO3
--N could also be observed in Fig. 3 and Fig. 4. 
Therefore, it is still remain unclear for the variation of NO3
--N in grassed swale. This observation was generally 
similar to those observed in earlier study [8]. These statistical results are consistent with the BMPs statistical data. In 
addition, there is no obvious correlation between the removal rate of NO3
--N and mean water depth (Table 11). 
 
Table 10  
The monitoring data of NO3
--N 
Time 
Influent concentration 
(mg L-1) 
Concentration removal 
(%) 
Mean water depth 
˄cm˅ 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
grassed 
swale I 
grassed swale II 
grassed 
swale III 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
0min 4.15 5.53 4.82 9.17 8.59 
N/A 
3.5 5.5 4.1 
5min 2.77 3.25 3.07 -27.26 9.31 4.5 4.7 4.6 
10 min 2.32 3.68 2.88 -33.50 -20.93 7.5 5.6 7.8 
20 min 1.70 1.52 2.51 -18.73 -16.85 8 5.4 7.2 
35 min 1.14 1.69 1.12 -62.70 -40.58 9.7 6.1 7.8 
65 min 1.28 1.31 1.41 -117.99 -39.19 7.3 6.5 7.3 
In this table: ‘time’ represents the sampling time after storm; ‘influent concentration’ represents the concentration at 
influent point; ‘concentration removal’ is the ratio of influent concentration and the difference of influent & effluent 
concentration. 
 
Table 11 
Correlation analysis between removal rate of NO3
--N and the influent concentration, mean water depth 
 grassed swale I grassed swale II grassed swale III 
Correlation Sig N Correlation Sig N Correlation Sig N 
removal rate and 
influent 
concentration of 
0.765 0.077 6 0.760 0.079 6 0.765 0.077 6 
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NO3--N 
removal rate of 
NO3--N and 
mean water 
depth 
-0.525 0.285 6 -0.856 0.030 6 -0.525 0.285 6 
**Correlation is significant at the 0.01 level (2-tailed)  
*Correlation is significant at the 0.05 level (2-tailed) 
In this table: ‘influent concentration’ represents the concentration at influent point; ‘concentration removal’ is the 
ratio of influent concentration and the difference of influent & effluent concentration. 
 
3.2.4 COD 
COD, with complicated characters, is often consist of lipa, aromatic hydrocarbons and alkane and is presented as 
dissolved species with lesser portions in the particulate phase in stormwater runoff. The treatment mechanism for 
particulate COD is similar to TSS, including interception, adsorption, sedimentation and filtration, etc. In addition, 
the dissolved COD could be mainly adsorbed by soil particles and intercepted by plants [21]. The results show 
strong sorption/purifying capability for high influent concentration of COD rather than low influent concentration of 
COD in stormwater runoff in the three grassed swales (Table 12). Moreover, the concentration of COD reaches a 
balanced state at the sampling site of section three in grassed swale I and II (Fig.3 and Fig.4). It might be explained 
by the adsorption of plants and soil particles being saturated in swales. The removal rate of COD shows great 
reduction with lesser influent COD concentration. The influent concentration of COD also shows significant 
correlation with its removal rate (Table 13). However, there is still no correlation between removal rate of COD and 
mean water depth of swale. 
 
Table 12 The monitoring data of COD 
Time of runoff 
generation 
Influent concentration 
(mg L-1) 
Concentration removal 
(%) 
Mean water depth 
˄cm˅ 
grassed swale 
I 
grassed 
swale II 
grassed 
swale III 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
grassed 
swale I 
grassed 
swale II 
grassed 
swale III 
0min 229 246 297 74.19 86.35 79.52 3.5 5.5 4.1 
5min 137 158 152 68.66 72.51 76.71 4.5 4.7 4.6 
10 min 138 116 129 59.56 68.27 72.42 7.5 5.6 7.8 
20 min 105 94 93 61.90 66.17 65.26 8 5.4 7.2 
35 min 77 81 67 51.92 68.59 68.84 9.7 6.1 7.8 
65 min 87 74 62 51.72 54.32 61.96 7.3 6.5 7.3 
In this table: ‘time’ represents the sampling time after storm; ‘influent concentration’ represents the concentration at 
influent point; ‘concentration removal’ is the ratio of influent concentration and the difference of influent & effluent 
concentration. 
 
Table 13 Correlation analysis between removal rate of COD and the influent concentration and mean water depth 
 grassed swale I grassed swale II grassed swale III 
Correlation Sig N Correlation Sig N Correlation Sig N 
removal rate and 
influent 
concentration of 
NH4+-N 
0.892* 0.017 6 0.909* 0.012 6 0.855* 0.030 6 
removal rate of 
NH4+-N and 
mean water 
depth 
-0.851 0.031 6 -0.516 0.294 6 -0.831 0.040 6 
**Correlation is significant at the 0.01 level (2-tailed)  
*Correlation is significant at the 0.05 level (2-tailed) 
908   Haiyan Li et al. /  Procedia Engineering  154 ( 2016 )  898 – 910 
In this table: ‘influent concentration’ represents the concentration at influent point; ‘concentration removal’ is the 
ratio of influent concentration and the difference of influent & effluent concentration. 
3.3. Correlation analysis 
The correlation analysis including the removal rate of different pollutants and rainfall, duration of rainfall and 
influent pollutant concentration were analyzed by Pearson correlation by SPSS. All the analytical results of three 
grassed swales were presented in Table 14. The results indicated that there is no obvious correlation between 
removal rate of different pollutants and rainfall, duration of rainfall, but there is an obvious correlation between 
removal rate of TSS, NH4
+-N, COD and their influent concentration.  
 
Table 14 Correlation analysis between removal rate of different pollutants and the influencing factors 
Study area Constituent 
Influent concentration Rainfall duration Total Rainfall 
Correlations Sig N Correlations Sig N Correlations Sig N 
BMPs 
TSS 0.732** 0.000 155 0.051 0.671 71 0.09 -0.048 150 
NO3--N -0.011 0.931 61 0.123 0.349 61 0.127 0.334 61 
NH4+-N 0.635* 0.017 45 / / / -0.029 0.849 45 
COD 0.644* 0.015 43 -0.315 0.143 23 0.075 0.640 41 
grassed swale I 
TSS 0.796** 0.004 50 0.049 0.631 50 0.12 -0.032 50 
NO3--N -0.068 0.947 50 0.117 0.472 5 0.115 0.342 50 
NH4+-N 0.687* 0.026 50 / / / -0.019 0.826 50 
COD 0.763* 0.037 50 -0.268 0.098 50 0.057 0.575 50 
grassed swale II 
TSS 0.862** 0.007 50 0.038 0.731 50 0.17 0.067 50 
NO3--N 0.032 0.694 50 0.233 0.474 50 0.224 -0.139 50 
NH4+-N 0.765** 0.007 50 -0.231 0.196 50 -0.046 0.517 50 
COD 0.783* 0.014 50 -0.453 0.183 50 0.046 0.865 50 
grassed swale 
III 
TSS 0.797** 0.002 50 -0.062 0.531 50 0.319 0.062 50 
NO3--N 0.069 -0.059 50 0.212 0.476 50 0.426 0.254 50 
NH4+-N 0.525* 0.041 50 0.195 0.170 50 0.179 -0.636 50 
COD 0.562* 0.047 50 0.705 0.429 50 -0.152 0.529 50 
**Correlation is significant at the 0.01 level (2-tailed)  
*Correlation is significant at the 0.05 level (2-tailed) 
 
TSS concentration showed great reduction in section two (0 – 10 m) (Fig. 3 and Fig. 4), the phenomenon is 
deeply attributed to the “first flush” with high influent concentration and large grained solids [22]. In section three 
and four (10 – 30 m) (Fig. 3 and Fig. 4), TSS concentration is much lower than before and small grained solids are 
the main components of TSS, but these solids could not be effectively removed by grassed swales. Therefore, the 
removal rate of TSS in these two sections is much lower than section one. Based on these reasons, TSS removal rate 
showed great correlation with its influent concentration (Table 14).  
According to previous study [23], NO3
-, bound to dissolved phase in stormwater runoff, could not be well retained 
in particles. The removal pattern of nitrate related to seasonal pattern significantly. As shown in Table 14, NO3
--N 
removal rate is not significantly correlated with its influent concentration. The present observation is consistent with 
the study of James H. Stagge [4a]. This may be explained by the reason that the anion form of NO3
- in runoff cannot 
be easily captured by plants of swales and removed by self-sedimentation. Therefore, green plants with great 
capability of retention and big blade can be considered in grassed swale for effectively removal of NO3
--N 
preferentially.  
As presented in Table 12, COD was effectively removed by all three grassed swales. The removal rate of COD 
ranged from 51.72% to 86.35%. Apparently, removal rate of COD decreased rapidly in section four (20 – 30m) (Fig. 
3 and Fig. 4). It might because COD with low influent concentration could not be completely removed by 
interception, sedimentation and fully adsorbed by the surface layer of three grassed swales. Conversely, COD with 
high influent concentration in section two (0 – 10 m) showed higher removal rate that due to the adsorption and 
infiltration by soil particles and plants. Based on these reasons, the removal rate of COD was correlated to its 
influent concentration as shown in Table 14. Therefore, grassed swale should be designed as long as possible to 
prolong the hydraulic detention time. Meanwhile, the surface soil of grassed swale should be spread out more loose 
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to enhance the infiltration capacity of stormwater runoff. 
Adsorption is the main mechanism for NH4
+-N removal in grassed swales [20]. Different from NO3
--N, as 
presented in Table 14, NH4
+-N removal rate showed significant correlation with its influent concentration, it might 
because NH4
+-N could be quickly adsorbed by soil particles and plant roots until these adsorbing materials reaches a 
saturated state. Based on above, the plants of grassed swale should be chosen on the basis of the adsorption ability of 
plant roots and the detention capability of leaves. 
Conclusion 
In order to evaluate the removal capability of grassed swale for stormwater runoff pollutants, three transmission 
grassed swales in Beijing, China, with the same design were selected. In addition, operating data of grassed swales 
based on BMPs data were analyzed. Statistical data of BMPs over transmission grassed swale analyzed by Pearson 
correlation suggests that the grassed swale is a simple and effective practices in removing pollutants (such as TSS, 
TP, TN and COD, etc.).  
The removal rate of different kinds of traditional pollutants (except NO3--N) shows significant correlation with 
their influent concentration. However, there is no significant correlation between removal rate of different pollutants 
and rainfall, duration of rainfall, mean water depth. TSS, NH4+-N and COD could be effectively removed by 
grassed swale, and the removal rate of these pollutants are significantly correlated with hydraulic detention time, 
void fraction of surface clay and adsorption capability of plant roots. Therefore, grassed swale could be designed as 
long as possible to increase the hydraulic detention time, and the surface clay of grassed swale should be designed 
more loose to enhance the infiltration capacity of runoff. However, NO3--N could be re-released into runoff and the 
removal pattern is deeply related to seasonal pattern. Therefore, it is difficult to remove NO3--N by grassed swale 
and further investigation should be aimed on it. The results of this work are consistent with BMPs statistical data. 
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